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Abstract
OBJECTIVE—The goal was to determine the effect of training in newborn care and resuscitation
on 7-day (early) neonatal mortality rates for very low birth weight (VLBW) infants. The study was
designed to test the hypothesis that these training programs would reduce neonatal mortality rates
for VLBW infants.
METHODS—Local instructors trained birth attendants from 96 rural communities in 6
developing countries in protocol and data collection, the World Health Organization Essential
Newborn Care (ENC) course, and a modified version of the American Academy of Pediatrics
Neonatal Resuscitation Program (NRP), by using a train-the-trainer model. To test the impact of
ENC training, data on infants of 500 to 1499 g were collected by using a before/after, active
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baseline, controlled study design. A cluster-randomized, controlled trial design was used to test
the impact of the NRP.
RESULTS—A total of 1096 VLBW (500–1499 g) infants were enrolled, and 98.5% of live-born
infants were monitored to 7 days. All-cause, 7-day neonatal mortality, stillbirth, and perinatal
mortality rates were not affected by ENC or NRP training.
CONCLUSIONS—Neither ENC nor NRP training of birth attendants decreased 7-day neonatal,
stillbirth, or perinatal mortality rates for VLBW infants born at home or at first-level facilities.
Encouragement of delivery in a facility where a higher level of care is available may be preferable
when delivery of a VLBW infant is expected.
Keywords
neonatal mortality; perinatal mortality; stillbirth; developing countries; health care systems; very
low birth weight; prematurity
Approximately 50% of the 6 million perinatal deaths throughout the world each year are
early neonatal deaths (occurring in the first 7 days after birth).1 Early neonatal deaths
account for ~75% of all deaths that occur within the first 28 days after birth.1,2 A major
decrease in early neonatal deaths is needed to achieve United Nations Millennium
Declaration Development Goal 4, which is to reduce the 1990 child (<5 years of age)
mortality rate by two-thirds.3 Stillbirths are prevalent but sometimes are difficult to
distinguish from early neonatal deaths. Therefore, examining both stillbirths and early
neonatal deaths is important when evaluating programs that may affect perinatal mortality
rates.4
Birth asphyxia, low birth weight/prematurity, and infection are major causes of perinatal
deaths. Low-cost interventions, including neonatal resuscitation training5 and other
interventions introduced as a package of neonatal care,6,7 have been tested, but data are
limited. Studies showed that training in the World Health Organization Essential Newborn
Care (ENC) course8,9 improved midwives’ skills and knowledge10 and reduced early
neonatal mortality rates among low-risk women who delivered in Zambian clinics.11
Perinatal mortality rates may be decreased through training of community birth attendants.12
We showed recently that, for ≥1500 g infants born in rural communities, training in the ENC
course decreased perinatal mortality rates for births conducted by birth attendants and
decreased overall stillbirth rates independent of the presence of a birth attendant.13 By
design, infants of <1500 g (very low birth weight [VLBW]) were not included in that study,
because the study goals were to evaluate the effect of the limited interventions included in
the ENC course on infants of >1500 g. VLBW infants are at high risk of death, and a
package of simple neonatal care interventions provided mostly at home may not improve the
outcomes of VLBW infants in the absence of advanced medical care. The current study was
designed to test the hypothesis that training of birth attendants in the World Health
Organization ENC course, followed by training in a modified version of the American
Academy of Pediatrics Neonatal Resuscitation Program (NRP), would each reduce all-
cause, 7-day (early) neonatal mortality rates for VLBW infants (<1500 g) in rural
communities in developing countries.
METHODS
Population
This study was part of the First Breath Trial, a trial of training birth attendants in the
provision of neonatal care.13 Infants of <1500 g were not part of the main trial because
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advanced medical care for <1500 g infants was generally not available in the communities.
However, the personnel who participated in the trial provided care for and collected data on
<1500 g infants in a manner identical to that used for ≥1500 g infants, because they were not
aware that these infants were not included in the First Breath Trial outcomes. Informed
consent was obtained from the mothers. The consent rate was >99% in the 4 study
subgroups. A waiver of the requirement for consent was approved in 1 country.
Study Sites
The effect of ENC training was assessed in a before/after study conducted in 96 rural
communities in 7 sites of the Global Network for Women’s and Children’s Health Research
(in Argentina, Democratic Republic of Congo, Guatemala, India [2 sites], Pakistan, and
Zambia) between March 2005 and February 2007 (Fig 1). An active baseline design was
used to minimize biases attributable to historical or otherwise inadequate baseline data.14
The active baseline design requires the full protocol, except for the intervention, to be
initiated before baseline data collection is started. The cluster-randomized trial of NRP
training was conducted in 88 communities (in all locations except Argentina) between July
2006 and August 2008. The sample size for this VLBW infant study was determined by the
period of data collection for the First Breath Trial.13 Most communities had poor health
systems, with high rates of home births assisted by traditional birth attendants. Because of
the intent-to-treat design, all births in the geographic area, including deliveries at all clinics,
hospitals, and homes within these communities, regardless of a birth attendant’s presence,
were included. Maternal and neonatal data were collected for all births, including stillbirths.
The study was reviewed and approved by the institutional review boards of participating
sites in the developing countries and in the United States.
Procedures and Interventions
The procedures and interventions were the same as those used for the First Breath Trial.13
Briefly, during 3 separate 3-day training periods, a train-the-trainer educational program was
used to train all birth attendants in the communities in the study procedures and in the 2
courses. These courses were tested in a clinic-based study in Zambia11 and were modified
for the First Breath Trial for community-based birth attendants, specifically with training
material and data collection forms for illiterate birth attendants.13
Before baseline data collection began, experienced trainers trained 2 master trainers at each
site in all study procedures, including explanation of the protocol, data collection,
differentiation between stillbirth and early neonatal death (use of stethoscopes to detect heart
rate and Apgar scoring), clinical assessments (fetal heart rate monitoring, signs of life at
delivery, and Apgar scoring), and adult education/training techniques. The master trainers
subsequently trained ≥1 research staff member (either a physician or nurse) as a community
coordinator in each community. The community coordinators, in turn, trained the birth
attendants (including traditional birth attendants, nurses, midwives, and physicians) in each
community and distributed weight scales (UNICEF spring Salter Scales [UNICEF model
145555], Copenhagen, Denmark, from the United Nations Children’s Fund), stethoscopes,
and delivery kits.
After the baseline data collection period, an experienced World Health Organization trainer
(Ornella Lincetto, MD) taught master trainers, who subsequently trained community
coordinators and birth attendants, in the ENC course (2004 edition), by using the same train-
the-trainer model. The contents of this course included routine neonatal care, initiation of
breathing and resuscitation (including bag-mask ventilation), thermoregulation, early and
exclusive breastfeeding, kangaroo (skin-to-skin) care, small infant care, danger signs, and
recognition and initial management of complications. Self-inflating bags and masks were
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given to all birth attendants. After the post–ENC training data collection period, the same
training cascade was used, for communities assigned randomly to the intervention, by an
experienced trainer (Susan Niermeyer, MD) to teach the NRP (2000 edition), including in-
depth, hands-on training in basic knowledge and skills regarding initial resuscitation steps
and bag-mask ventilation.
The birth attendants taught mothers how to implement the ENC practices. Birth attendants
and/or community coordinators obtained consent and collected all data on standardized data
forms. The community coordinators performed neurologic examinations, as described by
Ellis et al,15 at 7 days, for surviving neonates who had received bag-mask resuscitation.
Data were reviewed by the community coordinators during weekly visits and before local
data entry and transmission to the data center. The First Breath Trial design did not provide
resources for referral, transport, or other components of perinatal care.
Study Outcomes
The primary outcome for both interventions was all-cause, 7-day neonatal mortality rates.
The secondary hypothesis was that training in the ENC course and subsequently in the NRP
would decrease rates of 7-day deaths attributable to birth asphyxia (defined as failure to
initiate and/or to sustain normal breathing at birth),16 stillbirths, fresh stillbirths (defined on
the basis of the absence of maceration), perinatal deaths, and deaths according to birth
weight categories, locations, and birth attendants. Secondary outcomes included Apgar
scores, use of resuscitation techniques, and neurologic outcomes at 7 days.15 All outcomes
were prespecified.
Data Management and Statistical Analyses
Data edits, including consistency checks, were performed as described previously.13
Multivariate logistic and proportional odds regression models with generalized estimating
equations adjusting for cluster were used to determine differences in maternal and neonatal
characteristics between the pre–ENC training and post–ENC training data and between the
NRP intervention and control data by using SAS9.1.3 (SAS Institute, Cary, NC).17 Logistic
models were used for binary data, proportional odds models with cumulative logit were used
for ordered multinomial variables, and proportional odds models with generalized logit were
used for nonordered multinomial variables. Adjusted relative risks (RRs) and 95%
confidence intervals (CIs) from multivariate logistic regression models with generalized
estimating equations adjusting for clustering are reported for the post–ENC training versus
pre–ENC training periods, for comparison of the effects of ENC training, and for the NRP
intervention versus control groups.
RESULTS
Study Group
A total of 1096 infants had birth weights between 500 and 1499 g (Table 1). Complete 7-day
follow-up data were available for 98.5% of live births. Infants of 500 to 1499 g birth weight
accounted for 0.9% of the infants enrolled in the First Breath Trial. Infants without exact
birth weight data (N = 272) and infants with birth weights of <500 g (N = 94) were excluded
from the study. If infants who did not have exact birth weight data but were estimated to
weigh 500 to 1499 g were included, then this weight group would constitute 1.2% of the
infants enrolled in the First Breath Trial. Additional analyses, including analysis of the
outcomes of these infants, did not change the conclusions of the analyses (data not shown).
The proportions of infants with exact birth weight data increased from the pre–ENC training
period to the post–ENC training period and remained large during the NRP period.
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Pre–ENC Training/Post–ENC Training Study
There were differences in birth attendants and locations of birth but not other demographic
characteristics between the pre–ENC training and post–ENC training periods (Table 1).
Overall, the largest proportion of births was attended by traditional birth attendants, which
increased from the pre–ENC training period to the post–ENC training period (from 37.5% to
44.3%) (Table 1). All-cause, 7-day neonatal mortality rates did not change after ENC
training (Table 2). There was a significant increase in the 7-day neonatal mortality rate for
infants with birth weights of 1250 to 1499 g but a trend for decreased 7-day neonatal
mortality rates for the 2 other birth weight groups after ENC training. The rates of stillbirths
and perinatal deaths did not decrease (Tables 3 and 4). Fresh stillbirths accounted for 54%
and 75% of the stillbirths during the pre–ENC training and post–ENC training periods,
respectively.
NRP Randomized Trial
There was no difference in the demographic characteristics between the randomly assigned
groups. All-cause, 7-day neonatal mortality, stillbirth, and perinatal mortality rates did not
decrease for the infants born in clusters assigned to receive training in the NRP, compared
with control clusters (Tables 2, 3, and 4). Of the stillbirths, the proportions of fresh stillbirths
averaged 71% and did not differ between intervention and control clusters.
Resuscitation
Overall, 15.3% of VLBW infants (168 of 1096 VLBW infants) received bag-mask
ventilation; the majority of infants who did not receive bag-mask ventilation were stillborn.
Of the infants who received bag-mask ventilation, 10.7% were stillborn. Of the live-born
infants, 22% received bag-mask ventilation. Of the live-born infants, 25% survived to day 7.
These results did not differ significantly according to study phase. Of the live-born infants
who did not receive bag-mask ventilation, 40% survived to day 7.
Causes of Death
Overall, the primary causes of deaths were VLBW (76%), birth asphyxia (16%), and
infections (6%). After ENC training, there was a decrease in the rate of deaths attributable to
birth asphyxia (from 16.5 deaths per 1000 live births to 2.6 deaths per 1000 live births; P < .
001) among VLBW infants.
Neurologic Examination Results
Neurologic examination results were available for only 59 of the 7-day VLBW survivors.
Twenty (34%) of the 59 infants who were seen at 7 days had examination results consistent
with moderate/severe encephalopathy. These results did not change significantly according
to study phase.
DISCUSSION
This multicenter study conducted in rural communities in developing countries
demonstrated that neither ENC training nor NRP training reduced mortality rates for VLBW
infants. This result is in contrast to the reductions in stillbirth and perinatal mortality rates
for infants with birth weights of >1500 g that were observed after training of the same birth
attendants with the ENC course13 and the reductions in neonatal mortality rates in a facility-
based study of the same intervention.11 The majority of the deliveries occurred at home and
were attended by traditional birth attendants or family members. Maternal and neonatal
transportation and advanced neonatal care generally were unavailable or were limited in the
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study communities, which may explain in part the lack of impact on mortality rates in this
high-risk population.
The study strengths are the population-based design, the rigorous training using master
instructors, the exclusive use of local trainers to train birth attendants, the use of pregnancy/
birth registries to capture all births, the inclusion of all birth attendants, the relatively large
sample size, and the high consent and 7-day follow-up rates. Importantly, whereas most
low-income countries register live births but not stillbirths,4 birth attendants were trained to
report outcomes of all pregnancies, which allowed ascertainment of the contributions of
stillbirths and very early neonatal deaths to perinatal mortality rates. In addition, many
studies of perinatal interventions at the community level did not train birth attendants in the
differentiation between stillbirths and neonatal deaths, as was performed in the current
study. To our knowledge, this is the largest study of VLBW infants born in rural
communities in low- and middle-income countries.
One weakness of this study was the before/after design to evaluate the impact of the ENC
course. To minimize this weakness, all training, except for ENC training, was conducted
before the initiation of data collection. This active baseline design minimizes biases and
decreases the likelihood that other concurrent changes in practice influenced the outcomes.14
With high-quality design and data collection, before/after analyses can provide meaningful
results and supplement studies using random allocation.18 However, the possibility that
differences between the pre–ENC training and post–ENC training periods might confound
and mask potential differences between the periods cannot be excluded. Another weakness
is that some infants considered VLBW were not weighed at birth and therefore, were not
included in the study. However, analyses including infants with estimated birth weights did
not change the study conclusions. Because infants thought to be most immature might have
been excluded, smaller VLBW infants are likely to be underrepresented in the reported
cohort, as suggested by the birth weight distributions. Another important limitation is that
many VLBW infants did not receive bag-mask ventilation and might not have received other
care because of anticipated low chances for survival. However, the use of bag-mask
ventilation increased almost fourfold during the study periods. Despite the increased use of
bag-mask ventilation, mortality rates were not decreased.
This study focused on VLBW infants, who, because of their high risk of death, were not
included in the First Breath Trial results. Birth weight is a predictor of neonatal death,19,20
causes of neonatal death,21 and birth asphyxia20,22 in less-developed countries. Gestational
age also is a strong predictor of neonatal death.19 A combination of birth weight and
gestational age was almost as effective in predicting neonatal death as a more-complex
model that was dependent on variables that rarely are available at first-level facilities or
through retrospective data collection in the developing world.19 Therefore, focusing on the
effects of interventions that affect birth weight and gestational age is important.
Improved survival rates for VLBW infants are likely to require advanced care. Survival rates
for VLBW infants increase as care practices, including use of prenatal steroid treatment,
cesarean section, exogenous surfactant administration, ventilation, and continuous positive
airway pressure therapy, are introduced in NICUs.23 However, these advanced care practices
frequently are not available for pregnant women at high risk or their infants at first-level
facilities or in home deliveries in developing countries. Perinatal and neonatal care in these
circumstances would require maternal referral to more-advanced facilities or stabilization
and prompt transportation soon after birth. There is some evidence that neonatal care
intervention packages6,7,11–13,18 and newborn resuscitation5,24–27 can be effective in
reducing mortality rates in a general population of neonates. However, those studies did not
include VLBW infants or reported on only a small population of VLBW infants, without
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specific analyses of the effects of the interventions on those infants. The current study is
particularly important because a training package of neonatal interventions and resuscitation
was tested among VLBW infants born at the community level. However, the current data
cannot be used to determine whether these interventions would be effective if maternal and/
or neonatal referral and advanced care practices were available. In a large, population-based
study in a developed country, being born at a higher-level facility was associated with
improved survival rates for VLBW infants.28
CONCLUSIONS
Training of birth attendants in ENC and in NRP did not decrease early neonatal mortality,
stillbirth, or perinatal mortality rates for VLBW infants born at a first-level facility or at
home. In view of the advanced practices found to be effective for these high-risk infants,
transportation of pregnant women to facilities with high levels of care should be considered
when delivery of a VLBW infant or an infant at <30 weeks of gestation is expected.
However, VLBW infants constitute only ~1% of births, and ENC training should continue to
be advocated for all births, because it can reduce markedly the rates of stillbirths,13 neonatal
deaths,11 and perinatal deaths.13
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WHAT’S KNOWN ON THIS SUBJECT
Perinatal and/or neonatal mortality rates for infants born in community settings in
developing countries can be decreased with implementation of a package of neonatal
health care interventions. VLBW infants born in these settings have high mortality risk.
WHAT THIS STUDY ADDS
A neonatal health care intervention package that was effective in reducing perinatal and/
or early neonatal mortality rates did not improve outcomes for VLBW infants born in
community settings in developing countries.
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